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Laser beam scanner 



The present invention relates to a two dimensional scanning device, for use in 
a projecting display, comprising a surface suspended by at least two torsion elements 
defining a torsion axis, and a first actuator for pivoting said surface around said torsion axis. 

It has recently been proposed to provide small handheld electronic devices, 
such as mobile phones or PDA's with image projectors. The ability to display information on 
a much larger area than the present displays will pave the way for activities as watching real 
time videos, gaming and sharing images. 

Such a projection display device must be compact, low cost, light-weight, low 
power and robust. For displaying video information, the refresh rate of the image should be 
higher than or equal to 50 Hz. The line frequency is dependent on the image rate, the number 
of lines displayed and whether the image is scanned progressively or interlaced. A rough 
estimate of the frequency needed in such a scanner is 16 kHz. 

The concept of a video display based on laser scanning is well known in the 
art, and typically comprises a laser diode and two individual scanning mirrors, one of which 
normally is a rotating polygon mirror. This concept has the disadvantage that severe raster 
distortions are caused as deflection point for the horizontal and vertical direction are not 
positioned at the same point. Unlike the raster distortions that occur in a CRT, such 
distortions do not have a quadrant symmetry, and hence are more difficult to correct 
electronically. There are also a number of practical problems. The scanning mirrors have a 
reflective area of approximately 5*5 mm 2 , making them too bulky to use in a small handheld 
electronic device. In addition, the mirror for the fast scan direction has to be driven above its 
resonant frequency, which will result in a excessive input power for the scanner. 

Examples of alternative scanners intended to overcome these problems are 
torsion scanners (see e.g. US 5,629,790) and cantilever scanners (see e.g. EP 875 780). A 
torsion scanner comprises a mirror suspended by two torsion bars (springs) over a recess in a 
base. When actuated, the mirror will pivot around the axis of the torsion bars. A cantilever 
scanner comprises a mirror on a cantilever beam, attached to the base in one of its short ends. 
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When actuated, the cantilever beam will bend, and its free end will thus rotate around an axis 
perpendicular to its lengthwise extension. In both cases, an actuator is arranged to cause the 
mirror and its mechanical mount to oscillate at resonance frequency. The actuator can for 
example be electrostatic, providing a voltage difference between the mirror and the base, a 

5 bimorph actuator, or a piezoelectric actuator. 

By combining two torsion scanners, a two-dimensional scanner can be 
obtained, as is shown in US 5,629,790. A two dimensional torsion scanner with a 
electrostatic actuator is disclosed in the US patent application 2001/0022682. 

These proposed scanners have a relatively large reflecting surface and thus a 

10 large mass. By combining the large mass with stiff torsion bars or cantilevers, the resonant 
frequency of the mirror in the fast scan direction can meet the requirements for video 
applications. However, a stiff cantilever or torsion bar implicates that the optical scan angle 
of the mirror is typically in the order of five degrees, which is too small for use in a 
projecting display operated at close distance. Moreover, the scanners are operated in vacuum 

15 to avoid air damping, thus requiring a costly packaging step. By instead using weaker torsion 
bars or cantilevers, the optical scan angle can be enlarged, but this is accompanied by a 
resonant frequency that is too low for scanning the beam at an image rate suitable for video 
applications. 

20 

An object of the present invention is to overcome the mentioned problems, and 
to provide an improved two dimensional scanning device, suitable for a projecting display. 



25 According to the invention, these and other objects are achieved by a scanning 

device of the kind mentioned by way of introduction, further comprising a cantilever beam 
having one end fixed in relation to said surface and an opposite end arranged to bend around 
an axis non-parallel to said torsion axis, a reflective surface provided on said cantilever beam, 
and a second actuator for bringing said cantilever beam to oscillate at its resonance 

30 frequency. 

The surface and the first actuator form a torsion scanner, operating in a first 
frequency range which may include, but by no means is restricted to, the resonance frequency 
of the torsion scanner. On its surface, this scanner then carries a second scanner, of the 
cantilever type, which is arranged to oscillate at its resonance frequency, significantly faster 
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than the frequency of the first scanner. As the reflecting surface of the second scanner can be 
pivoted or rotated around two different axis, it can be used as a two dimensional scanner. 

The combination of a slow torsion scanner and a faster cantilever scanner 
provides a two dimensional scanner capable of scanning a laser beam in a raster pattern to 
5 project an image. 

Preferably, the cantilever beam has such mass and such dimensions that its 
resonance frequency is in the range of 10 kHz - 100 kHz, and preferably in the range 15kHz 
- 35kHz. This is a suitable frequency range for video projecting implementations. In practice, 
this can be achieved by having a reflecting surface with dimensions in the order of lOO^im by 

10 lOO^im provided on a cantilever beam made of Silicon or Silicon nitride. Further, the 
cantilever preferably has such a thickness so as to allow a bending range of at least 10 
degrees, and preferably more than 25 degrees, thereby providing an optical scan angle of 
twice this range, i.e. preferably more than 50 degrees. 

According to one embodiment of the invention, the cantilever beam has two 

15 legs, each being fixed in relation to the surface, and wherein said reflective surface extends to 
unite the two legs. In this design, the reflective area is more rigid to bending than the arms. 
Thus the bending area is more or less separated from the reflective area. Further, the 
cantilever is made more rigid in the torsion direction (i.e. rotation along the length axis). 
Thus the bending of the lever is less disturbed by beam displacement due to torsion. The 

20 shape of the reflective area is preferably rectangular, causing the aperture shape factor to be 
smaller, thereby reducing the angular spread in the reflected beam. 

Preferably, the cantilever beam and the surface of the torsion scanner are 
formed from one substrate, the cantilever beam extending from one side of an opening in the 
surface. This design obviates the need for alignment of two separate scanning devices. The 

25 surface and torsion bars of the torsion scanner can be formed by etching a substrate of silicon 
or silicon nitride. 

The second actuator can be a piezo-electric actuator. It can be arranged 
directly on the pivoting surface, or separated from this surface. The mechanical excitation 
from the piezo-electric actuator will cause the cantilever to oscillate. 
30 The first actuator may be of various types, for example a galvanic actuator or 

an electrostatic actuator. Alternatively, the first actuator may comprise [claim 8]. Such an 
actuator is in itself new to the art, and may be advantageously implemented in various types 
of torsion scanners, including other types than the ones described in the present application. 
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According to a second aspect of the invention, the above objects are achieved 
by a projecting device, comprising a scanning device according to the above. 



5 These and other aspects of the present invention will now be described in more 

detail, with reference to the appended drawings showing currently preferred embodiments of 
the invention. 

Fig 1 is a schematic view of a projecting device advantageously implementing 
a scanning device according to the present invention. 
10 Fig 2 is a perspective view of a cantilever scanner according to a first 

embodiment of the invention. 

Fig 3a and 3b are top views of cantilever scanners according to a second and 
third embodiment of the invention, respectively. 

Fig 4 is a section view of a scanning device according to a first embodiment of 

15 the invention. 

Fig 5 is a top view of a scanning device according to a second embodiment of 

the invention. 



20 In fig 1, a projecting device 1 implementing a scanner according to the 

invention is illustrated schematically. The device is capable of projecting a laser beam 2 on a 
surface such as a wall (not shown), and the dimensions of the device are such that it can be 
used in a mobile application, e.g. a mobile phone or a PDA. Typically this means in the order 
of 10 mm by 10 mm. 

25 ^ the illustrated projecting device 1, a desired color is obtained by combining 

red, blue and green laser beams 3a, 3b, 3c with a ratio defined by a video signal. The 
combined laser beam 2 is then directed towards a scanning device 13, and scanned over a 
screen 14 to obtain a color image. 

The red and blue colored laser beams are preferably created by laser diodes 4a, 

30 4b, emitting light in the red and blue wavelength area, respectively. While red and blue lasers 
diodes are presently commercially available, green laser diodes are presently not (although 
they are expected to be in the future). In the illustrated projector, green light is therefore 
created by a diode pump 5 feeding infrared light to a crystal 6 that converts two photons of 
infrared to one photon of green light. Another option (not shown) is to use an up-conversion 
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fiber that acts as a laser when it is pumped with a UV laser diode. Yet another option is to use 
an optically pumped semiconductor laser (OPSL) for generation of the green (and blue) light. 
If the green light cannot be modulated at the video frequency by modulating the diode pump 
5, a light modulator 7 can be included in the optical path of the green beam. 
5 A driver 8 is arranged to receive video signal containing video information, 

and to modulate the laser beams 3a, 3b, 3c in accordance with this information. The device 
further comprises a set of lenses 10a, 10b, 10c, arranged around a dichroic mirror 1 1, and a 
further lens 12, arranged between the dichroic mirror and a scanning device 13 according to 
the invention. The dichroic mirror 1 1 can be a dichroic cube of a kind well-known from LCD 

10 projectors, and is advantageously quite small and thus cheap. 

By passing the lenses 10a, 10b, 10c, 12 and the dichroic mirror 1 1, the laser 
beams 3a, 3b, 3c are combined and collimated to a parallel beam 2 that fits onto the scanning 
device 13. For instance, light from the red laser diode 4a is focused by a first lens 10a, after 
which it is combined in the dichroic mirror 1 1 and collimated with a small lens 12. The detail 

15 of the lenses, their mutual distances and their strengths can be determined by the person 
skilled in the art. 

In order to operate in two dimensions, the scanning device 13 comprises two 
one-dimensional scanners; a first, slow scanner, provided with a second, fast scanner. The 
first scanner is a torsion scanner, and comprises a plate-shaped area suspended from the 

20 surrounding material by two bars or springs. By actuating the plate using suitable actuator, 
the plate can be brought to pivot around the axis defined by the bars. The second scanner is a 
cantilever scanner, and comprises a cantilever beam provided with a mirroring surface 
attached in one end to a substrate. By actuating the beam using a suitable actuator, the beam 
will bend around an axis perpendicular to its lengthwise extension, and can be brought to 

25 oscillate at its resonance frequency. It is important that the vibration direction of the 

cantilever scanner is different from the rotation direction of the torsion scanner, in order to 
provide a two dimensional scanner. Preferably, when implementing a raster type scanning 
pattern, the vibration direction of the cantilever scanner is exactly orthogonal to the rotation 
direction of the torsion scanner and the mirroring area of the cantilever scanner is located 

30 exactly on the rotation axis of the torsion scanner. To minimize the packaging costs of the 
scanner, all embodiments are most preferably operated in air. The scanning device 13 
according to the invention will be described more in detail in the following. 

The cantilever scanner will be described first, with reference to figures 2-3. In 
its most simple form, showed in fig 2, a cantilever 20 is shaped as a rectangular beam 21 with 
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thickness T, width W and length L, protruding from a base 22. The resonance frequency if) 
of a freely oscillating beam cantilever is given by: 

5 where T is the thickness, L is the length, E is the Young's modulus and p is the density of the 
cantilever. Note that the width of the cantilever does not affect the resonance frequency. 

The cantilever can be bent in the lengthwise direction around an axis A, and 
the dimensions and material of the cantilever are chosen to allow for a bending angle a 
sufficient for the intended application. Preferably, the maximum bending angle a is around 
10 30 degrees, which provides a scanning angle of 60 degrees (incident angle will be up to 30 
degrees). This will provide a sufficient resolution, even for a small reflective surface. 

The most preferred size of the cantilever depends on the resonant frequency 
that is required for the application. If we, for simplicity, assume a cantilever as a 
homogeneous piece of silicon nitride with a thickness of 600 nm, we can calculate that a 
15 length of 241 jam corresponds to a resonance frequency of 16 kHz. The width of the 

cantilever can be chosen with less restrictions since it does not affect the resonant frequency. 

To increase the reflection coefficient of the lever, a part of it can be coated 
with a reflective material 23, such as gold or aluminum. In practice an aluminum layer of 50 
nm on a silicon nitride layer of 500 nm will be adequate. The reflective area of the cantilever 
20 can be made more rigid by adding more silicon nitride to the lower side of the reflective area. 

The cantilever can be excited in a number of ways, to bring the cantilever to 
oscillate at resonance frequency. The excitation can be accomplished mechanically, e.g. by a 
piezo-electric crystal. The crystal can be integrated with the substrate on which the cantilever 
is formed, but may in principle be located further away, as long as the oscillation waves can 
25 reach the cantilever beam. By driving the piezo element at the resonant frequency of the 

cantilever, only the fundamental bending mode of the cantilever is excited and will oscillate 
with a large amplitude. Alternatively, a thin piezo resistive layer can be coated on the 
cantilever beam, and a voltage be applied to this layer, thus inducing a bending of the beam. 
Another closely related option is to deposit a layer with a different thermal expansion 
30 coefficient than that of the cantilever. By heating the layer with a current, bending of the 
cantilever is induced. 

Non-mechanical excitation can be accomplished by providing a magnetic layer 
on the backside of the cantilever and by driving a closely positioned coil at the resonant 
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frequency. Care should naturally be taken that the layer is very thin, such that the shift in the 
resonant frequency of the cantilever, due to the added mass, is small. Since the scanner can 
be operated in air, acoustic excitation of the cantilever beam can also be envisaged. In this 
case (ultra-)sound is generated by a speaker and is transmitted to the scanner via the air. 

5 According to a further embodiment of the cantilever beam, shown in figures 

3a and 3b, it comprises two legs 30a, 30b, 33a, 33b connecting the reflecting area 31, 34 with 
the base 32, 35. The cantilever in fig 3a is V-shaped, having the reflective area 31 located at 
the intersection of the two legs 30a, 30b. The cantilever in fig 3b has a rectangular reflective 
area 34 and two essentially parallel legs 33a, 33b. 

10 It is more difficult to find an equation for the resonance frequency of the lever 

for the embodiments in figs 3a and 3b. However, if the cantilever in fig 3b is considered as 
two separated levers with identical resonance frequency that are interconnected, the mass of 
the interconnection should reduce the resonance frequency. Hence, for a given resonance 
frequency, the length of a cantilever in fig 3a and 3b will be smaller than that of the 

1 5 cantilever in fig 2. 

In a first embodiment of the two dimensional scanner 13 according to the 
invention, shown in fig 4, a cantilever scanner 41 as described above is attached by a 
supporting structure 42 on the pivoting plate 43 of a conventional galvanically driven torsion 
scanner 44. The pivoting plate 43 is suspended by torsion bars 49, and provided with a 

20 permanent magnet 45, and an electromagnetic field is induced by applying a current to a coil. 
46 arranged around a core 47. When the induced field interacts with the magnet 45, a force is 
generated, and the plate 43 pivots. 

Other torsion scanners are also possible, including electrostatically driven 
scanners, where electrodes are provided on the plate and on the base. By applying voltages to 

25 the electrodes, attracting or repelling forces can be generated, causing the plate to pivot. 

As mentioned above, the cantilever scanner 41 is excited to oscillate at 
resonance frequency by e.g. a piezo element 48. For most efficient excitation, the piezo 
element 48 should preferably be positioned directly below the supporting structure 42 of the 
cantilever 41. The structure should be fixed very tight on the piezo element for optimal 

30 excitation. 

The combination of cantilever 41 and piezo element 48 is so small that it can 
be attached to the pivoting plate 43 of the torsion scanner without affecting the resonant 
frequency of this scanner significantly. Therefore, only small adaptations in the driving 
circuitry of this scanner are necessary. 
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In a second embodiment of the two dimensional scanner 13 according to the 
invention, shown in fig 5, the cantilever beam 51, here if the type shown in fig 3a, is formed 
in the pivoting plate 53 of the torsion scanner 54 itself, and arranged to have its bending axis 
A perpendicular to the torsion axis B of the torsion bars 55. Preferably, the cantilever beam 
5 51 and the torsion bars 55 are formed by etching a substrate 56 of silicon or silicon nitride. 

The dimensions of the plate, including the cantilever support and the 
cantilever, are chosen such that the resonance frequency is considerably higher than the 
intended plate frequency. In this way it is possible to drive the slow scan direction with a 
sawtooth-shaped signal without any feedback. In addition, extra signals can be applied to 
10 compensate for non-linearity effects in the plate scanning direction. 

The main advantage of the scanner in fig 5 over the scanner in fig 4 is that the 
scanners for both directions are fully integrated, thus eliminating the need of alignment. 

As mentioned above, the cantilever 51 is brought to oscillate at resonance 
frequency by an excitation means. If a piezo element 58 is used to excite the cantilever, it can 
15 be positioned on the substrate 56, outside the plate 53. 

The plate 53 of the torsion scanner can be driven in a number of ways, 
including those mentioned above in relation to the first embodiment. A further approach for 
driving the torsion scanner, new to the art, is based on the Lorentz force. 

An actuator adapted for such drive comprises two conducting paths, preferably 
20 formed by metal deposited on the substrate. A first path 60 extends around the periphery of 
the plate 53, and a second path 61 extends along the inner border of the surrounding substrate 
56. By applying currents to the two paths, an attractive or repelling force is generated 
between the coils, causing the plate to pivot. Note that the two coils must be slightly 
separated in the z-level, as the force between the conductors will otherwise not generate any 
25 torque. This can be accomplished by etching trenches before the deposition of (one of) the 
paths, or by depositing one path on one side of the substrate, and the other path on the other 
side of the substrate. 

In fig 5, the two paths 60, 61 are integrated into one pattern, only requiring 
one current supply 62. Naturally, other patterns are possible, and the two paths can also be 
30 separate. Further, applying more windings to each path will lower the driving current at the 
expense of the driving voltage. 

All embodiments for the two dimensional beam scanner according to the 
invention have in common that the fast scanner (the cantilever) is driven at resonance. This 
implies that the input power that is needed to excite the movement is negligible when 
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compared to the power that is needed to generate light. Also the power for the slow scan 
direction can be quite small. Even for the quite bulky galvanic torsion scanner in fig 4, the 
power is substantially below lOOmW. Hence, the input power of the complete device will 
probably be sufficiently small for mobile applications. 



